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This report outlines the result• of teett conducted to deteraine 
the operating characteristics and osrformance specificatlone of Baelo Cir- 
cuit F-F 1, Drawing B-31559,   and ha* been written to provide quantitative 
data to expedite design and testing of circuits incorporating the basic 
flip-flop as a component. 

A. description of several early type flip-flops, as well as the 
preliminary design of the existing basic flip-flop,   le included in Report 
R-113.    Since Report R-113 was written (March 19, 19U7)  several circuit 
changes have been made which appreciably alter the performance of the flip- 
flop circuit. 

0. C. Flip-Flop Operation 

Because of the fact that the  cross-feed resistors,which couple the 
plates of the flip-flop to the opposite grids.are direct coupled (i.  e., no 
blocking capacitors are used to isolate the d.c. components of the feedback 
signals) performance of the basic flip-flop is independent ef frequency 
from zero to the maximum usable frequency of at least 5 megacycles.    The 
upper frequency limit is determined by •witching tine, which is primarily 
controlled by the time constant of the R-C combination of output-circuit 
capacitance and plat^-load resistance.    Operating voltages and currents, 
and component dissipations,  are therefore independent of switching frequency 
(neglecting the very slight effects of circuit capacitance* and inductances 
at high frequencies).    Consequently,determination of these operating char- 
acteristics with the flip-flop in the steady-state condition is possible. 

Although 1 percent tolerance resistors have been specified for 
the flip-flop of W./I, variations of &AG7 tube characteristics and supply 
voltages result in appreciable changes in circuit currents, voltages,  and 
dissipations.    Using a pair of 6AG7 tubes having characteristics which 
approach the average of a number of production tubes tested, and maintaining 
supply voltages at the design values of 120 volts for screen supply and 150 
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volts plate suoply,  the    following data were obtained: 

(All indicated voltages were measured with  rrsoect to ground and 
are actual  circuit  voltages with no error attributable to voltmrter loading 
of  the eirsuit.) 

: ••• k&jIM&*.&"d Current;j|•-    •.•;;"' .-..>•  ; • 0' 

;,.*^Xfl&;* Voltage ;• :"   •" '. ..-• ,:-iv 
;i:i-ia*««d«''-Voit.afte '< •>"-•• •',''      ./'••'   : 

i • .Scr^'an Voltage ' ••'•/"' *% . 
'Control Grid Voltage--: 

.'.. .Fiat e'Current 
Se?*«a Ourrunt 
Control ftr.14 Oai vma% 
iot.ti Current  froari fl^jO v supply 
total Currrnt from -flZQ v supply 

• "..;• SaS^-^JfcgJOL^t-tfflS-        7' 

'. 7 Flat*'" XJiesipai to - 

Control Grid Dissipation 

Resist or Biasioations 

- ... . ." ..-.- 

^^;»Kt|SKIotai.plhlg Load Resistor 
5000 oh» Feed-Ba*!? S*»Lstor 

/: ,  ..*000' ohm Grid Resistor 
;#g0 ohm ffathode- Resist or - 

2'20- ohm..Plate Bacaupier 
220 chra 5cr*e» Decoupler 

^    'Note chat ali  aiesloatione, with the exception of bAG?  screen grid 
and tf2Q-ol;;u cathode resistor,  are leas than one-half of the corresponding 
rat*d ataximtuns.    The 6AG7 screen dissipation is 53  percent  of ra'-ed maximum 
and 220 ohm cathode-resistor dissipation is 57 percent of rated maxima. 

Oh Tube Off Tube 

r6.5 » 103.5 v 
•;.   32    » 31     v 

lie       » 120      v 
31.      v 21.5 * 
£?       as 0         B* 
9     m#? 0     ma 
0*5 mo 0      ma 

53.5 «*» 
3.0 ma 

Rated Maximum Ar-tiia*!   Dissisatior. 

S watts 1.23 watts 
1.5 watt*) 0.79 watte 

Negligible 

Resistor  Hating Actual Dissipation 

8 watts 2.31 watta 
8 watts 1,5b vatts 
6 watts O.Ug watte 
2 watts 1.13 watte 

OAk watts 2 watts 
1 watt 0.02 watte 

Pulsed nOoerntion of Flip-Flop 

From the ^receding data the plate-voltage change from on to' off 
for d.c. ooaration ie observed to fee 32 volts.    For pJwd'e >eratlon with 

• IPO volt  screen sinoly and 1*>0 volt  plate suoply the olate voltage excursion 
durinf: switching is aluo 32 volte a& all frequencies up to the maximum usable 
switching freqiiehoy  of  approximately 5 megacycles.      A ton-volt  reduction on 
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both  screen and oiafce  supply voltages reduces the plate voltage swing 
during  switching to 29 volte,  while a 10 volt  increase in plate and 
tereen  sunply voltages Increases the output voltage to 3& volts.    The 
flip-flop circuit  is stable with considerably greater variations in plate 
and screen  supnly voltages but  operation of WWI  undvr such conditions is 
not  anticipate !. 

The magnitude of the trigger puls<- dote not affect out out 
vci     age svinp,  nor does output  circuit loading by pate tubes or indicator 
circuits.    Roww*«r,   capacitance shunted acroas the plate load dcea Increase 
the rise ti.ne of  the circuit  during evUuhlnp (see Fibres 1  to  12). 

Variation* of screen and plate Buooly voltages affect  the 
ssaeitivity of th<? flip-flop to tripper nulses.  but   ihe change  in minimum 
oulse amplitude  required to  tripper the flip-flop  is flpgLlgible for £ 10 
volte variation in supnly voltages.    With lhO volt plate supply voltage 
and 120 volt  screen enpnly voltage a 0.1 miciosecond half-sine wave   julee 
of  amroximately  six volts amplitude will  tripper the flip-flop,  pulse 
sensitivity beinp aonroximatal'-' the  same for  nulses applied either to 
control grid or to cathodes,  positivp pulses belnp applied to the cathode 
and negative Dulse to  the grid,   respectively. 

Output Wave Shapes 

A Model 5  synchroscope was used to determine the output voltage 
i»ave  shapes of the flip-flop     The upper vertical deflection plate was con- 
nected to  the plate of one of the flip-flop tubes throuph • 120 microinicro- 
farad mica capacitor,  the cathode-ray tube deflection plate being returned 
to ground throuph  a 0,82 negohm resistor.    The capacitance of the deflection 
circuits and test lead was approximately 1^ micromicrofarads.    The synchros- 
cope trace was photographed,  the horizontal swee > speed having been adjusted 
to cause two larpe divisions (20 «wiall divisions) of the coordinate grid- 
work to correspond to exactly one microsecond.    Each small division vertically 
corresponds approximately to nix volts input  signal  voltage to the deflection 
plate.    Figures 1  to 12 are typical output voltage wave oecillograjts under 
various pulse and output  capacitance loading conditions. 

I gures 1  to 6,  Drawing A-32265.  and Figures 7 to 12,  Drawing 
A~32?6f>,   are photographs of the output wave shape of a flip-flop with 1J> volt 
paired restorer Dulses,   spaced one microsecond at  a repetition rate of 10 
Wi?.ocycle3 driving the cathodes of the flip-flops.    In each of the twelve 
pho.to/raphs an additional nulse,  timed to occur during the one microsecond 
Interval between the restorer pulses,  is apnlied to the flip-flop each time 
the synchroscope trace is triggered.    As a result the flip-flop tube to 
which the synchroscone la connected is caused to switch from Off to ON with 
each alternate trace of the synchroscope;  the effect of this reversal,  com- 
bined with the restorer action (which occurs at the extreme edges of the 
''hotogra-tfO  is to produce the double trace observed in Figures 1 to 12.    It 
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should be understood that only one trace aopears with each sweep,  the two 
traces aopearing alternately at a frequency oorresiondinf: to the trigger 
-oulsc repetition frequency of 10 kilocycles and that the place voltage of 
only one of the flip-flop tubes is being observed. 

In Figures 1 to 6 negative trigger oulses were fed to the grid 
circuit  of the flip-flop:   in Figures 7 through 12 oositive trigger   iul»*i 
were applied to the cathode.    The magnitude of the oulses is indicated under 
sach photograph.    Figures 1 to 3 and 7 to 9 indicate output voltage with no 
shunt capacitances other than the  atanlard flip-flop circuit wiring,  an 
output  couollng circuit CC-1 and indicator circuit  IND-1.    No gate tube was 
connected to the fliTv-flo-D as the  synchro sco->e deflect ion-input  caoacltance 
approximately ts equivalent T-o the typical  load capacitance which would be 
encountered  in W'-'I  applications of the basic flip-flop,    in Figures U to 6 
and 10.to It an additional 20 mlcroi^icrofarad rr.ica capacitor has been shunted 
from each  flip-flop plate to ground to  simulate an unusually heavily loaded 
flip-flap.     It  la not  anticipated that appreciable conductance will be 
shunted  ecross the flip-flop plate circuit by the tyne. of loads used In W~./l, 
although the low output  InpHiance of the flip-flop (of the order of 1*>00 
ohms) permits some out^ut-lond  ahunt  conduct*inoe without  serious reduction 
in flip «flop output voltsge or reliability of -performance. 

Note that  the tri«/*er pulses,  particularly  xf of considerable 
magnitude,  appear ap distortion in the output wave shape,   cathode trigger 
pulses appearing as positibe pulses superimccsed on the plate voltage and 
grid pulses anpearing as negative pulses on the plate wave fores. 

Switching time can be estimated from the photographs without 
difficulty.    Resolution time (i.  e., the   minimus) time separation between 
two adjacent pulses which will peralt the flip-flop to respond to*both the 
individual pulses)  cannot be determined from the photogra its in this report 
but has been observed to be of the order of 0.15 microseconds, although 
this figure is only a rough aonroxiraatlon as pulse shape and magnitude 
appreciably affect resolution time. 

The output voltage on all of the ohotogranhs is approximately 
32 volts.    Because of the 100-aicrosecond time constant of the R-C coupling 
circv t which Isolates the d.c. component of flip-flop plate voltage from 
the vertical deflection plates, the difference in voltage between the two 
successive (uoper aud lower) traces immediately ahead of the first restorer 
pulse is less than yt volts, as at this point the upper trace has been 
falling and the lower trace has been rising for 9 microseconds because of 
charging of the 120 microiilcrofarad coupling capacitor in the synchroecooe 
deflection circuit.    At low values of restorer-oulso repetition rate cr low 
synchroscope couollng circuit time constant the effect of synchroscope 
coupling time constant is quits pronounced, the two traces to the left of 
the first restorer pulse approaching one another closely and separating a 
corresnonding amount to the right of the first restorer TUISS.    Unless a 
synchroscooe couollng time constant of less than 50 microseconds is used 
the difference between the voltages Indicated by one of the two traces 
immediately before and immediately after switching is vsry nearly equal 
to the actual fllp-floo voltage swing during switching. 
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Starting of Flip-Plop 

Because of the claiming circuit connected to the flip-flop 
plate circuit,   difficulty say he experienced in causing the flip-flop to 
start (i.  e. to respond to restorer pulses sher. the flip-flop has been 
at d. c. equilibrium for one second or more).   The reason for this diff- 
iculty is that the 0.01 microfarad coupling capacitor connected to the 
conducting flip-flop tube plate is charged to a voltage equal to the 
pi at e-'io-ground voltage Of the conducting flip-flop tube tien the flip-flop 
has been at d.c. equilibrium for one second or more.    Attenrpts to trigger 
the flip-flop are unsuccessful unless the On tube of the flip-flop is 
driven to cut-off for a period of time long enough for this 0,01 micro- 
farad capacitor to charge through the forward resistance of ihe lh}k damp 
rectifier and effective generator lmpedanoe of the flip-flop output cir- 
cuit to a voltage sufficiently high to cause the Off tube, because of 
positive voltage feed back through the cross feed resistors from the 
opposite plate circuit,  to begin to conduct.   After the flip-flop upsets, 

.subsequent response to trigger pulses Is normal (if the pulse nrf is not 
too low). 

Because of the relatively lov discharge time constant of the 
coupling circuit it is not necessary that the capacitor be charged by a 
single pulse, a prolonged sequence of pulses permitting incremental in* 
creases in capacitor voltage until the plate voltage reaches a value 
sufficiently high to upset the flip-flop.    However, as the voltage across 
the eapacltor increases, the rate of loss of charge between pulses increases 
and it is therefore possible for the capacitor voltage to reach an equil- 
ibrium value for a given recurrent trigger pulse, which is not sufficiently 
high to upset ths flip-flop.   The result is that the flip-flop cannot be 
started unless the pulse repetition rate is increased,  oulss aagr.ltude is 
Increased, or some expedient such as momentarily removing the flip-flop 
screen voltage it utilised. 

For a given culse width and voltage the minimum prf necessary 
for flip-flop self starting ic dctanni—d by the ratio of discharge to 
charge time constants of ths couuing elr-~nit.   This ratio la determined 
primarily by the back resistance of the IH3U damp rectifier, the charge 
time constant.not being appreciably affected by the low forward resistance 
of the IH3U exoept at rmry low voltages.   The bacloto-front resistance 
ratio .of ths IN3U increases greatly with increased crystal voltage - for 
this reason an operating flip-flop is not appreciably loaded by the coupling 
circuit as the crystal back-resistance increases during flip-flop operation 
to a vdue which reduces olano circuit discharge between restorer cycles 
to a negligible amount. 

A shunt resistance of 0.P7 m»goh*»§ across a damp circuit 
IN3U having very high back resistance (considerably greater than one megohm 
at 20 volts when tested on a W standard I'N3h tester) permitted reliable 
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self-start log with application of l6 microsecond standard 15 volt paired 
restorer uulses to the flip-flop cathodes.    An 0„18 megohm shunt caused 
unreliable starting under similar circumstances,    while a 0.1 megohm 
shunt resistor nrevented starting with 10 microsecond restorers. 

The extreme variation of IN3U resistance with applied voltage 
precludes the possibility of accurately specifying a minimum back resistance 
(ucaoured at a fixed test voltage) which will assure reliable flip-flop self 
starting at all tiroes.    It  is believed that INjU's having  che highest avail- 
able back resistance wlthir  reasonable commercial  limitations should be used 
fcr flip-flop  output  coupling ?lamp crystals if self  starting is essential. 
In the event  that  it  in not practicable to use circuit  constants such that 
self otarurf 1A   possible,  the flip-flops can be easily started by momentary 
removal of screen voltage; the ft*ct that  such a circuit requires external 
action to  initiate operation is not  in reality a serious disadvantage since 
it is obvioun that   self re-starting of an ostensibly operative flip-flop 
which has failed to operate for a short period will very probably cause 
more trouble  than conrolete failure of the flip-flop. 

Self-starting ability is not arvoreciably Improved by reduction 
of the capacitance of the output couollng capacitor unless the capacitance 
is reduced to    an unreasonably low value.    It is necessary that a moderately 
large coupling capacitor be used to maintain a high coupling circuit time 
constant,  otherwise restorer repetition rate must be unduly increased. 

Sensitivity to Power-Supply Fluctuations; 

Rapid changes of screen or plate nupnly voltage,  such as 
wight be caused by the operation of other rwlsed circuits on a common 
power supply with the flip-flop, can result in triggering of the flip-flop. 
To determine the approximate sensitivity of the flip-flop to triggering by 
such unwanted oulses a circuit was constructed wherein an approximately 
reotangul&r nulsa of k microsecond duration and having a 0.2 microsecond 
rise time could be inserted in eerie* with the plate or screen supoly lino* 
of the flip-flop. 

Both positive and negative tjulses were applied to the screen 
supply line,  to the plat* supply line, and to the screen of one of the 
flip-floptubes, the other screen being operated at 120 volts without an 
interference pulse.    Figures 13 to 18, Drawings SA-38U17 and SA-38416, 
indicate the appearance of the supply-line oulse and the corresponding 
-wise at the output or flip-flop side of the 220-ohm 0.01 microfarad 
decoupling filter in the corresponding supply lead.    Figures 13. and Ik 
represent the pulse applied to both screens.    Figures 1*> and lb represent 
the pulse applied to one screen only, while application of pulses to the 
plate eupnly line is indicated in Figures 17 and 18. 
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Figures lU and l6 (poelvive pulses availed to both screens 
and to one screen only)  indicate the maximum pulse available from the 
pulse generator,  a   value which was insufficient to trigger the flip-flop 
(the twisting flip-flop is quite insensitive to increase in screen supply 
voltage).    The remaining figures of the group indicate the minimum supply 
pulse necessary to trigger the flip-flop.    It ie interesting to note that 
the flip-flop is relatively insensitive to such power supply uieturbancss. 
and that th« decoupling circuit does not appear to be particularly effec- 
tive in removing coamaratively long duration (U microsecond) pulses on the 
supply voltages. 

Marginal Testing by Lowering Screen Voltages 

One of the most   promising methods of detecting the presence 
of marginal flip-flop tubes In th« computer is observation ©y flip-flop 
oerformance with one of the tubes operating at reduced screen voltage, 
waaX tubes presumably being less tolerant of reduction in screen voltage 
than good tubes.    Four 6*07 tubes which had been operated for 1500 hours 
in a life-test rack were used in a test flip-flop to determine the 
effectiveness of the proposed marginal tube detection scheme.    Because of 
the performance of these tubes Is various flip-flops In the laboratory 
and because of the length of time these tubes were operated in the life 
test rack it is believed that they were representative of marginal tubes 
to be encounter^ in operation of WVI, 

The following table Indicates the range of screes voltage 
variation (on one tube only - the screen of the other tube was maintained 
at /ISO volts during the teatc? throughout which the flip-flop is stable. 

Flip=?l©p Tube Suabere 
Left Tube Bight Tube 

Range Screen Voltage for Stable Operation 
Left Tube Screen 
Voltage Varied 

Bight Tuba Screen 
Voltage Varied 

1 
1 
1 
2 
2 
3 

2 

I 
I 
k 

90 - 170 
86 - 17*i 
95- 166 
89 - 186 
95 - Ib2 
87 - £00 

SU - 175 
85 - 183 
80 - 163 
89 - 190 
80 - 161 
80 - 15«» 

In view of the above information, «uleh Is,of course, quite 
incomplete, it appears that lowering of the screen supply lines individually 
will provide a reasonably satisfactory oheck oa marginal tubes. It should 
be realised, however, that with the best available paired 6a07 flip-flop 
tubes reduction of one screen to approximately 85 volts results is Instability. 
Hence the method certainly is not foolproof and care must be taken to deter- 
mine the most realistic value of depressed screen voltages consistent with 
detection of the maximum number of marginal tube* end ths rsjsctisu of the 
minimum number of good tubes. 
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Drawing:    £-32265 
A- 32266 

SA-38U1? 
SA~38UX5 

Si*n 

Jhtf/mde 

Approved =_M  
David Brown 
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